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(54) Handover in sectorized radiocells 



(57) A base station apparatus measures the statistic 
of a reported known reference signal with receivable lev- 
el from another base station, refers to the reported angle 
difference information and located base station informa- 
tion with respect to the known reference signal of anoth- 
er base station showing the receivable level in a prede- 
termined period, detects a location of the cell with the 
known reference signal, and when it is determined that 



the cell is not appropriate for the cell for a handover, 
outputs an interference degree notification signal to the 
another base station of that cell. In addition, in the case 
where it is notified that interference to a certain cell is 
large by the interference degree notification signal, the 
notified base station controls to decrease an antenna 
directivity toward the direction to the certain cell based 
on the located base station information. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the invention 

[0001] The present invention relates to a radio com- 
munication apparatus and a radio communication meth- 
od in, tor example, a CDMA (Code Division Multiple Ac- 
cess), FDMA (Frequency Division Multiple Access) sys- 
tem or TDMA (Time Division Multiple Access) system. 

Description of the Related Art 

[0002] In recent years, in a mobile communication 
field, a digital mobile communication system employing 
a CDMA system or a TDMA system has become pre- 
dominant. In the mobile communication, a mobile sta- 
tion may transit from a cell (or called zone) in which the 
mobile station has started calling to a neighboring cell. 
At this point, since conditions of radio signals in the 
neighboring cell are usually better, the mobile station 
generally has a function to perform an operation to 
switch a communication link instantly to a base station 
of the neighboring cell. This operation is called handover 
(or handoff ). Recently, a handover called MAHO(Mobile 
Assisted Hand Over) has become predominant. In this 
system, a mobile station measures a reception level 
from a cell locating around the cell in which the mobile 
station is performing a communication to report the re- 
ception level to the base station, then the base station 
determines based on the information whether or not the 
mobile station should perform a handover. 
[0003] FIG. 1 is a block diagram illustrating a configu- 
ration of a mobile station apparatus that is a convention- 
al communication apparatus. In FIG.1, the mobile sta- 
tion apparatus includes antenna 1 for transmitting and 
receiving a signal, modulation/demodulation section 2 
for modulating and demodulating a signal, search sec- 
tion 3 for searching a pilot channel signal from a cell 
appropriate for a handover, synchronization section 4 
for acquiring synchronization with a signal, message de- 
coding/interpreting section 5 for decoding information of 
the pilot channel signal to interpret, pilot channel signal 
managing section 6 for managing the pilot channel sig- 
nals used in the system and peripheral cells, and mes- 
sage constructing/coding section 7 for constructing in- 
formation concerning receivable pilot channel signal to 
code. 

[0004] In addition, search section 3 includes correla- 
tion integration section 8 for performing correlation inte- 
gration of received signals, reception level determining 
section 9 for determining a reception level of the pilot 
channel signal, and reference code generating section 
10 for generating a reference code for a pilot channel 
signal using as a PN code. 

[0005] FIG. 2 is a block diagram illustrating a configu- 
ration of a base station apparatus that is a conventional 



communication apparatus. In FIG.2, the base station 
apparatus includes antenna 11 for transmitting and re- 
ceiving a signal, modulation/demodulation section 12 
for modulating a signal to be transmitted and demodu- 
5 lating a received signal, a plurality of message decod- 
ing/interpreting sections 13 each for decoding informa- 
tion of the pilot channel signal to interpret, handover 
managing section 1 4 for managing handovers based on 
the information of the pilot channel signal and located 
base station database section 1 5 for storing base station 
position information and so on. 
[0006] A conventional mobile communication system 
using the above communication apparatuses is ex- 
plained with FIG. 3. In FIG. 3, MS denotes a mobile sta- 
tion having the configuration illustrated in FIG.1, BS de- 
notes a base station having the configuration illustrated 
in FIG. 2, and MSC(Mobile Switching Center) denotes a 
mobile switching center for connecting base stations. 
[0007] In FIG. 3, it is assumed that mobile station MS 
is performing a communication under the control of base 
station BS1 . In addition, it is assumed that a CDMA sys- 
tem is used as an access system, a pilot channel signal 
is transmitted from a base station, and a mobile station 
receives the pilot channel signal to establish synchroni- 
zation with the base station based on the pilot channel 
signal. 

[0008] Ordinary, the base station notifies the mobile 
station of information on the pilot channel signals used 
in the system and the pilot channel signals used in pe- 
ripheral cells around the base station cell. The mobile 
station decodes the received information on the pilot 
channel signal in message decoding/interpreting sec- 
tion 5 to interpret, and provides the message to pilot 
channel managing section 6. Pilot channel managing 
section 6 instructs search section 3 to measure recep- 
tion levels of pilot channel signals used in the peripheral 
cells and the pilot channel signals used in the system to 
provide for the handover. Further, pilot channel manag- 
ing section 6 manages the reception level from recep- 
tion level determining section 9 in search section 3 for 
each pilot channel. 

[0009] In addition, when pilot channel managing sec- 
tion 6 instructs search section 3 to measure a reception 
level, a frequency to instruct to measure the pilot chan- 
nel signals used in the peripheral cells may be different 
from a frequency to instruct to measure the other pilot 
channel signals used in the system. 
[0010] Pilot channel managing section 6 determines 
a threshold value on the reception level, and recognizes 
the reception level exceeding the threshold value as a 
sufficient reception level to be received where the re- 
ception level is of the pilot channel signal searched in 
search section 3. Then, when pilot channel managing 
section 6 detects the pilot channel signal with such suf- 
ficient reception level, the section 6 transmits a mes- 
sage including the number and the reception level, and, 
if necessary, further, a reception phase difference of the 
pilot channel signal. In this case, the reception phase 
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difference is a phase difference between a path phase 
for receiving the pilot channel signal from the base sta- 
tion in currently communicating as a reference and a 
path phase for receiving the other pilot channel signal. 
[0011] FIG. 4 is a diagram to explain a cell configura- 
tion. In this case, when it is assumed that cell 1 is the 
base station cell, the pilot channel signals used in the 
peripheral cells are pilot channel signals used in cell 2 
to celt 7. And the pilot channel signals used in the system 
are all pilot channel signals used in cell 1 to cell 18. 
[0012] On the other hand, the base station decodes 
and interprets the above message in any one of mes- 
sage decoding/interpreting sections 13, and notifies 
handover managing section 1 4 of the number, the re- 
ception level and reception phase difference of the pilot 
channel signal. Handover managing section 14 deter- 
mines whether or not a mobile station should perform a 
handover to the cell with the notified number of pilot 
channel based on the notified reception level and recep- 
tion phase difference. In addition, if necessary, hando- 
ver managing section 1 4 may inquire position informa- 
tion of the base station with the notified number of the 
pilot channel to use for the determination. 
[0013] In FIG. 4, when mobile station MS is in cell 1, 
the appropriate cell for the handover is usually either of 
cells 2 to 7. Accordingly, it is normal that a pilot channel 
signal of either of those cells has a sufficient reception 
level when the reception levels of the pilot channels are 
measured. 

[001 4] However it sometimes occur that the reception 
level of the pilot channel signal of any of not neighboring 
cells, for example, cell 14, is measured as a sufficient 
reception level, which may be caused by some condi- 
tions such as location height of a base station antenna, 
surroundings topography and buildings. In this case, it 
is necessary for the base station to control mobile sta- 
tion MS not to perform a handover to such cell that is 
not appropriate for a cell for the handover. 
[001 5] Thus, in the above conventional radio commu- 
nication apparatus, the mobile station notifies the base 
station of the number of the pilot channel to receive with 
a sufficient reception level from among the used pilot 
channel signals, then the base station determines 
whether or not the mobile station should perform a 
handover. 

[0016] In the conventional base station, in the case 
where a pilot channel number of a cell that is not appro- 
priate for a cell for the handover is reported, it Is possible 
to control the mobile station not to perform the handover. 
However, the mobile station under the control of the 
base station reports the pilot channel number every time 
when the mobile station detects the pilot channel signal, 
which remains the problem that the base station should 
perform the same processing to control the mobile sta- 
tion not to perform a handover every time when the base 
station receives the number of the pilot channel. 
[0017] The mobile station spends a time for the level 
measurement by measuring the reception level of the 



pilot channel signal of the cell even though the base sta- 
tion recognizes that the cell is not an object cell for the 
handover (for example, cell 14 in FIG. 4), thereby results 
in a useless consumption of processing resource of the 

5 mobile station. 

[0018] In addition, It is understood in a system that a 
sufficient reception level of a signal from another cell 
that is not neighboring one increases avoidable interfer- 
ence in the cell, thereby decreasing the system capacity 

10 and deteriorating communication qualities. 

SUMMARY OF THE INVENTION 

[0019] It is an object of the present invention to pro- 
's vide a communication apparatus and a communication 
method for enabling an efficient handover to a cell ap- 
propriate for the handover. 

[0020] This object is achieved by a radio communica- 
tion apparatus comprising an antenna with a variable 
20 directivity, an angle difference measuring section for 
measuring a reception phase difference and an angle 
difference of direction of arrival between known refer- 
ence signals in a plurality of communication partners, 
and a transmitting section for transmitting the measured 
25 angle difference information. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] 

30 

FIG. 1 is a block diagram illustrating a configuration 
of a conventional mobile station apparatus; 
FIG.2 is a block diagram illustrating a configuration 
of a conventional base station apparatus; 
35 FIG. 3 is a diagram to explain a conventional mobile 
communication system; 

FIG. 4 is a diagram to explain a cell configuration; 
FIG. 5 is a block diagram illustrating a configuration 
of a mobile station apparatus as a radio communi- 
40 cation apparatus according to the first embodiment 
of the present invention; 

FIG. 6 is a block diagram illustrating a configuration 
of a mobile station apparatus as a radio communi- 
cation apparatus according to the second embodi- 
es orient of the present invention; 

FIG.7 is a block diagram illustrating a configuration 
of a base station apparatus as a radio communica- 
tion apparatus according to the third embodiment 
of the present invention; 
50 FIG. 8 is a block diagram illustrating a configuration 
of a base station apparatus as a radio communica- 
tion apparatus according to the fourth embodiment 
of the present invention; 

FIG. 9 is a block diagram illustrating a configuration 
55 of a base station apparatus as a radio communica- 
tion apparatus according to the fifth embodiment of 
the present invention; 

FIG. 1 0 is a block diagram illustrating a configuration 
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of a mobile station apparatus as a radio communi- 
cation apparatus according to the sixth embodiment 
of the present invention; 

FIG. 11 is a block diagram to explain a mobile com- 
munication system according to the seventh em- 
bodiment of the present invention; 
FIG. 1 2 is a block diagram to explain a mobile com- 
munication system according to the eighth embod- 
iment of the present invention; and 
FIG. 13 is a block diagram to explain a mobile com- 
munication system according to the ninth embodi- 
ment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0022] The embodiments of the present invention are 
explained in detail below with reference to attached 
drawings. 

(First embodiment) 

[0023] In the first embodiment, a mobile station appa- 
ratus as a radio communication apparatus measures re- 
ception levels of known reference signals used in cells 
in the system, and when the mobile station detects the 
known reference signal with a sufficient reception level 
to receive, the mobile station prepares the number, re- 
ception level and reception phase difference, further an- 
gle difference of the known reference signal to transmit 
a message. The angle difference is a difference of an 
angle of a direction of arrival of a reception path for re- 
ceiving other known reference signal that is measured 
using an angle of a path for receiving the known refer- 
ence signal of the base station in currently communicat- 
ing as a reference. 

[0024] FIG. 5 is a block diagram illustrating a configu- 
ration of a mobile station apparatus as a radio commu- 
nication apparatus according to the first embodiment of 
the present invention. As illustrated in FIG. 5, the mobile 
station apparatus according to the first embodiment in- 
cludes adaptive antenna 101 , angle arrangement motor 
102 for adapting a direction (directivity) of the adaptive 
antenna, modulation/demodulation section 104 for 
modulating and demodulating a signal, search section 
105 for searching a known reference signal from a cell 
appropriate for a handover, synchronization section 106 
for acquiring synchronization with a signal, message de- 
coding/interpreting section 107 for decoding information 
of the known reference signal to interpret, known refer- 
ence signal managing section 108 for managing the 
known reference signals used in the system and the 
known reference signals used in peripheral cells, mes- 
sage constructing/coding section 109 for constructing 
information concerning receivable known reference sig- 
nal to code. In addition, adaptive array antenna 1 03 may 
be used instead of adaptive antenna 1 01 and motor 1 02. 
[0025] Further, search section 105 performs correla- 



tion processing of demodulated signals using PN codes, 
and includes correlation integration section 110 for inte- 
grating the correlation values, reception level determin- 
ing section 1 1 1 for determining the reception level of the 
5 known reference signal and code generating section 
112 for generating PN codes. 

[0026] Next, the operation in the mobile station with 
the above-mentioned configuration is explained. In FIG. 
5, a signal received by adaptive antenna 101 is demod- 

io ulated in modulation/demodulation section 104 and 
transmitted to message decoding/interpreting section 
107. Message decoding/interpreting section 107 de- 
codes and interprets information, which is notified to the 
mobile station, of the known reference signals used in 

is the system and the known reference signals used in pe- 
ripheral cells around the cell to which the mobile station 
belongs to notify the information on the known reference 
signal to known reference signal managing section 108. 
[0027] Known reference signal managing section 1 08 

20 instructs search section 1 05 to measure reception levels 
of known reference signals used in the peripheral cells 
and the known reference signals used in the system to 
provide for the handover. Further, known reference sig- 
nal managing section 108 manages the reception level 

25 transmitted from reception level determining section 111 
in search section 105 for each known reference signal. 
[0028] In addition, when known reference signal man- 
aging section 108 provides the instruction for the recep- 
tion level measurement to search section 105, a meas- 

30 urement frequency for the known reference signals 
used in the peripheral cells may be different from a 
measurement frequency for the other known reference 
signals used in the system. 

[0029] When search section 1 05 receives the instruc- 
ts tion for the reception level measurement from known 
reference signal managing section 108, the section 105 
controls reception level determining section 111 to vary 
a reception phase sequentially based on the known ref- 
erence signals input from synchronization section 106. 
40 Code generating section 112 generates codes based on 
the reception phase control signal to transmit to corre- 
lation integration section 110. Correlation integration 
section 1 10 performs correlation processing of received 
signals with the generated codes. Then the section 110 
45 provides information on the reception level at a timing 
with the highest correlation integration value to recep- 
tion level determining section 111. 
[0030] Reception level determining section 111 in 
search section 105 detects a direction in which the high- 
50 est reception level is obtained among the reception lev- 
els of known reference signals in measuring by varying 
a directivity of adaptive antenna 101 or adaptive array 
antenna 103. Then the section 111 provides the recep- 
tion phase difference and the angle difference along 
55 with the obtained reception level to known reference sig- 
nal managing section 108. Further, reception level de- 
termining section 111 provides a reception angle control 
signal to motor 102 in adaptive antenna 101 or to adap- 
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tive array antenna 103 based on the information from 
correlation integration section 110 to vary the directivity 
of adaptive antenna 1 01 or adaptive array antenna 103. 
In addition, in the case of using an adaptive array an- 
tenna, a weight by which a signal is multiplied is varied 
to vary a directivity. 

[0031] Known reference signal managing section 108 
compares the reception level of the known reference 
signal with the threshold value, then in the case where 
the reception level exceeds the threshold value, e.g., in 
the case of detecting the known reference signal with a 
sufficient reception level to receive, the section 108 re- 
ports the number, reception level, reception phase dif- 
ference and reception angle difference of the detected 
known reference signal to message constructing/coding 
section 109. The reported content is constructed into a 
message, coded, modulated in modulation/demodula- 
tion section 104, then transmitted via adaptive antenna 
101 or adaptive array antenna 103. 
[0032] Known reference signal managing section 1 08 
determines that the known reference signal with the re- 
ception level exceeding the threshold value is the known 
reference signal of the cell appropriate for the handover. 
Known reference signal managing section 108 deter- 
mines the known reference signal of the ceil appropriate 
for the handover also using the above-mentioned infor- 
mation on the angle difference. That is, known reference 
signal managing section 108 adopts the information on 
the difference of an angle of a direction of arrival of a 
reception path for receiving other known reference sig- 
nal that is measured using an angle of a path for receiv- 
ing the known reference signal of the base station in cur- 
rently communicating as a reference. Therefore, even 
though it is determined that the known reference signal 
with the reception level exceeding the threshold value 
is the known reference signal of a cell appropriate for 
the handover, the section 108 determines that the cell 
is not appropriate for the handover in the case where 
the angle difference between the base station of the cell 
and the base station in currently communicating with is 
too large. 

[0033] Then, at the time of detecting a known refer- 
ence signal after this point, the section 108 operates so 
as not to determine the cell belonging to the base station 
with the large angle difference from the base station in 
currently communicating with is not appropriate for the 
handover. As a result, it is possible to select an appro- 
priate cell for the handover effectively. In addition, the 
determination may be executed using the threshold val- 
ue determination with respect to the angle difference 
from a cell belonging to the base station in currently 
communicating with. 

[0034] Thus, since a mobile station transmits the 
number, reception level, and reception phase difference 
and angle difference of the known reference signal with 
sufficient level to the base station, it is possible to pro- 
vide effective information to the base station to specify 
a cell using the known reference signal. It is thereby pos- 



sible for the base station to efficiently determine whether 
the cell is appropriate for the cell for the handover. As a 
result, it makes possible to reduce redundant process- 
ing in the base station. 

(Second embodiment) 

[0035] In the second embodiment, when a mobile sta- 
tion receives a message instructing to exclude a specific 
known reference signal from the object for the reception 
level measurement, the mobile station excludes the 
specific known reference signal from the object known 
reference signals to monitor a reception level. 
[0036] FIG.6 is a block diagram illustrating a configu- 
ration of a mobile station according to the second em- 
bodiment. As illustrated in FIG.6, the mobile station has 
a configuration where message decoding/interpreting 
section 107 outputs excluded known reference signal 
information along with used known reference signal in- 
formation to input to known reference signal managing 
section 108. Since the other configuration is the same 
as the mobile station apparatus illustrated in FIG. 5, the 
same sections have the same reference numbers as in 
FIG.5 to omit detail explanations. 
[0037] Next, the operation in the mobile station appa- 
ratus with the above configuration is explained. The op- 
eration of the mobile station apparatus illustrated in FIG. 
6 includes the operation in the mobile station apparatus 
illustrated in FIG.5. Further, message/interpreting sec- 
tion 107 decodes and interprets a message instructing 
to exclude a specific known reference signal from the 
object for the reception level measurement, which is in- 
cluded in the message notified to the mobile station, to 
notify the known reference signal managing section 
108. 

[0038] Known reference signal managing section 1 08 
instructs search section 105 to measure known refer- 
ence signals used in peripheral cells and the known ref- 
erence signals used in the system to provide for the 
handover. At this point, the section 108 does not instruct 
the reception level measurement of the known refer- 
ence signals instructed to be excluded. 
[0039] Thus, the mobile station transmits the number, 
reception level and reception phase difference and an- 
gle difference of the known reference signal with suffi- 
cient reception level without the reception level meas- 
urements of unnecessary known reference signals to 
the base station, thereby making it possible to provide 
effective information at the base station to specific the 
cell using the known reference signal to the base station. 
It is thereby possible for the base station to efficiently 
determine whether the cell is appropriate for the cell for 
the handover. As a result, it makes possible to reduce 
the redundant processing in the base station. Further, it 
is possible to save processing resource in the mobile 
station apparatus, thereby allowing reducing of power 
consumption or of time period to measure reception lev- 
els of other known reference signals. 
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(Third embodiment) 

[0040] In the third embodiment, a base station appa- 
ratus measures the statistic of a reported known refer- 
ence signal with receivable level from another base sta- 
tion, refers to the reported angle difference information 
and located base station information with respect to the 
known reference signal of another base station showing 
the receivable level in a predetermined period, detects 
a location of the another cell with the known reference 
signal, and when it is determined that the cell is not ap- 
propriate for the cell for a handover, outputs an interfer- 
ence degree notification signal to the another base sta- 
tion of that cell. In addition, in the case where it is notified 
that interference to a certain cell is large by the interfer- 
ence degree notification signal, the notified base station 
controls to decrease antenna directivity toward the di- 
rection to the certain cell based on the located base sta- 
tion information. 

[0041] FIG. 7 is a block diagram illustrating a configu- 
ration of a base station apparatus according to the third 
embodiment. AS illustrated in FIG. 7, the base station 
apparatus according to this embodiment includes adap- 
tive antenna 201, angle arrangement motor 202 for 
adapting a direction (directivity) of the adaptive antenna, 
a plurality of modulation/demodulation sections 204 
each for modulating and demodulating a signal, mes- 
sage decoding/interpreting section 205 for decoding in- 
formation of the known reference signal to interpret, sta- 
tistics observation section 206 that is an interference de- 
termination section for determining whether interfer- 
ence is present by measuring reception levels, known 
reference signal determining section 207 for notifying in- 
terference degree by a signal from a base station appa- 
ratus of a cell not appropriate for handover, while deter- 
mining the known reference signal showing a receivable 
level in a predetermined period, located base station ap- 
paratus database section 208 for storing base station 
apparatus position information and so on, and antenna 
transmission direction control section 209 for adapting 
a direction of the antenna according to the interference 
degree notification. In addition, adaptive array antenna 
203 may be used instead of adaptive antenna 201 and 
motor 202. 

[0042] Next, the operation of the base station appa- 
ratus with the above-mentioned configuration is ex- 
plained. In FIG. 7, a signal received by adaptive antenna 
201 is demodulated in modulation/demodulation section 
204, then transmitted to any one of message decoding/ 
interpreting sections 205. The message decoding/inter- 
preting section 205 decodes and interprets a message 
reported from a mobile station to obtain the number, re- 
ception level, and reception phase difference and angle 
difference information of a known reference signal with 
a sufficient reception level. 

[0043] The information is transmitted to statistics ob- 
servation section 206, where information such as recep- 
tion level is stored for each mobile station and for each 



known reference signal as statistics. Further, the statis- 
tics is transmitted to known reference signal determining 
section 207. Known reference signal determining sec- 
tion 207 determines whether the signal with the suffi- 

s cient reception level brings interference. As a method 
for the determination, a method is for determining that 
the interference is present in the case where the same 
report is performed from the mobile station more than a 
predetermined times in a predetermined period from the 

*0 time of the first report indicating the reception level of 
the cell not appropriate for handover is high. Another 
method is for determining that the interference is 
present in the case where the same report is performed 
from the mobile station more than a predetermined 

*s times after re-measurement of the reception level by the 
mobile station that repeats the same report at a prede- 
termined interval from the time of the first report indicat- 
ing the reception level of the cell not appropriate for 
handover is high. 

20 [0044] In addition, when the known reference signal 
showing a receivable level in a predetermined period is 
present, known reference signal determining section 
207 inquires the known reference signal to located base 
station database section 208 to acquire the position in- 

25 formation of the base station using the known reference 
signal. If a plurality of base stations using the same 
known reference signal are present in almost equal dis- 
tances from the base station, the specification of base 
station is further performed using the angle difference 

30 information reported from the mobile station and posi- 
tion information of the mobile station detected by the plu- 
rality of base stations. 

[0045] When it is determined that the specified base 
station is located at a position not appropriate for the 

35 mobile station to perform the handover, known refer- 
ence signal determining section 207 further transmits an 
interference degree notification signal to the other base 
stations to notify that the interference of the specified 
base station is large. In addition, in this embodiment, the 

40 statistics of the information such as reception level is 
observed, however which may not be necessary without 
departing from the scope and spirit of the present inven- 
tion. 

[0046] On the other hand, in a base station that has 
^5 received the interference degree notification signal, an- 
tenna transmission direction control section 209 in- 
quires the position information of the base station to 
which the interference is provided to located base sta- 
tion information database section 208, and controls to 
50 decrease the directivity of adaptive antenna 201 or 
adaptive array antenna 203 toward the direction to the 
base station to which the interference is provided using 
a transmission angle control signal. The control over 
adaptive antenna 201 is performed, for example, by var- 
55 ying a gradient in a vertical direction to turn lower. 
[0047] Thus, when a base station detects another 
base station providing a sufficient reception level that is 
not appropriate for a mobile station to perform a hando- 
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ver by using a report on reception level of known refer- 
ence signal, the base station notifies the another base 
station that the interference is large, then the notified 
base station controls to decrease the directivity toward 
the direction to the base station to which the interference 
is provided. As a result, it is possible to relatively de- 
crease the reception level from the base station not ap- 
propriate for a mobile station to perform the handover 
so as to reduce the interference. 

(Fourth embodiment) 

[0048] In the fourth embodiment, a base station ap- 
paratus measures the statistics of a reported known ref- 
erence signal of the other base station providing a re- 
ceivable level. With respect to a known reference signal 
of the other base station showing the receivable level in 
a predetermined period is present, the base station re- 
fers to the reported angle difference information and lo- 
cated base station information and detects a position of 
a cell with the known reference signal. When it is deter- 
mined that the cell is not appropriate as a cell for the 
handover, the base station simultaneously notifies (all) 
mobile stations (under the control of the base station) of 
a message instructing to exclude the known reference 
signal from an object for reception level measurement. 
[0049] FIG.8 is a block diagram illustrating a configu- 
ration of a base station apparatus according to the fourth 
embodiment. As illustrated in FIG.8, the base station ap- 
paratus according to this embodiment has a configura- 
tion where the known reference signal output from 
known reference signal determining section 207 is input 
to known reference signal exclusion notification section 
210, further the known reference signal exclusion noti- 
fication information is input to a plurality of message 
constructing/coding sections 211 Since the other con- 
figuration is the same as the base station apparatus il- 
lustrated in FIG. 7, the same sections have the same 
number as in FIG. 7 to omit a detailed explanation. 
[0050] Next, the operation in the base station appara- 
tus with above configuration is explained. The operation 
in the base station apparatus illustrated in FIG.8 in- 
cludes the operation in the base station illustrated in 
FIG. 7. Further, when it is determined in known reference 
signal determining section 207 that the specified base 
station locates at a position not appropriate for the mo- 
bile station to perform a handover, the section 207 no- 
tifies known reference signal exclusion notification sec- 
tion 210 of the number of known reference signal of the 
specified base station. 

[0051] Known reference signal exclusion notification 
section 210 provides the number of known reference 
signal to be excluded from the reception level measure- 
ment to message constructing/coding section 217 as 
known reference signal exclusion notification informa- 
tion, which is modulated in modulation/demodulation 
section 204 to transmit to all base stations. 
[0052] Thus, in the case where a base station detects 



another base station providing a sufficient reception lev- 
el that is not appropriate for a mobile station to perform 
a handover by using a report on reception level of known 
reference signal, the base station can simultaneous no- 
s tify all mobile stations under the control of the base sta- 
tion that the known reference signal can be excluded 
from the reception level measurement. It is thereby pos- 
sible to prevent the mobile station from performing a 
handover to the cell that is not appropriate for the hando- 
70 ver. 

(Fifth embodiment) 

[0053] In the fifth embodiment, a base station appa- 
75 ratus measures the statistics of a reported known refer- 
ence signal of the other base station providing a receiv- 
able level. With respect to a known reference signal of 
the other base station showing the receivable level in a 
predetermined period is present, the base station refers 
20 to the reported angle difference information and located 
base station information and detects a position of a cell 
with the known reference signal. When it is determined 
that the cell is not appropriate as a cell for the handover, 
the base station notifies only the mobile station that has 
25 reported of a message instructing to exclude the known 
reference signal from an object for reception level meas- 
urement. 

[0054] FIG. 9 is a block diagram illustrating a configu- 
ration of a base station apparatus according to the fifth 

30 embodiment. As illustrated in FIG. 9, the base station ap- 
paratus in this embodiment has the configuration in 
which switch 212 is installed in the configuration illus- 
trated in FIG.8, where switch 212 selects one of mes- 
sage constructing/coding sections 211 to which known 

os reference signal exclusion notification information is in- 
put. Since the other configuration is the same as the 
base station illustrated in FIG.8, the same sections have 
the same number as in FIG8 to omit a detailed explana- 
tion. 

40 [0055] Next, the operation in the base station appara- 
tus with above configuration is explained. The operation 
in the base station apparatus illustrated in FIG. 9 in- 
cludes the operation in the base station apparatus illus- 
trated in FIG.8. The different point from the fourth em- 
45 bodiment is that the base station selects one of mes- 
sage constructing/coding sections 211 by switch 212 to 
notify only the mobile station that has reported the re- 
ception level of the known reference signal to be exclud- 
ed, and modulation/demodulation section 204 modu- 
le lates the information to transmit to a corresponding mo- 
bile station. 

[0056] Thus, in the case where a base station detects 
another base station providing a sufficient reception lev- 
el that is not appropriate for a mobile station to perform 
55 a handover by using a report on reception level of known 
reference signal, the base station can notify a specific 
mobile station that the known reference signal can be 
excluded from the reception level measurement. It is 
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thereby possible for the base station to continue to mon- 
itor the reception level of the known reference signal 
even though the report frequency is decreased. 

(Sixth embodiment) 

[0057] In the sixth embodiment, a base station appa- 
ratus measures the statistics of a reported known refer- 
ence signal of the other base station providing a receiv- 
able level. With respect to a known reference signal of 
the other base station showing the receivable level in a 
predetermined period is present, the base station actu- 
ally tries to receive the known reference signal and if 
possible, further tries to acquire the control channel in- 
formation to acquire the identification number (ID) of the 
base station to specify. 

[0058] FIG. 10 is a block diagram of a configuration of 
a base station according to the sixth embodiment. As 
illustrated in FIG. 10, the base station apparatus accord- 
ing to this embodiment has the configuration where 
base station monitoring section 213 is installed in the 
configuration illustrated in FIG.8. Base station monitor- 
ing section 213 is composed of antenna 214 and de- 
modulation section 215 which are capable of receiving 
a forward link, and message decoding/interpreting sec- 
tion 21 6 for capturing information from demodulated sig- 
nals. Since the other configuration is the same as the 
base station illustrated in FIG.8, the same sections have 
the same number as in FIG.8 to omit a detailed expla- 
nation. 

[0059] In addition, base station information is trans- 
mitted from message decoding/interpreting section 216 
to known reference signal determining section 207, and 
known reference signal designation information to des- 
ignate a known reference signal to be decoded is trans- 
mitted from known reference signal determining section 
207 to message decoding/interpreting section 216. 
[0060] Next, the operation in the base station appara- 
tus with above configuration is explained. The operation 
in the base station apparatus illustrated in FIG. 10 in- 
cludes the operation in the base station apparatus illus- 
trated in FIG.8. The different point from the fourth em- 
bodiment is that when known reference signal determin- 
ing section 207 detects a known reference signal show- 
ing a receivable level, the section 207 instructs base sta- 
tion monitoring section 213 to demodulate the known 
reference signal using the known reference signal des- 
ignation information. When it is determined that the 
known reference signal is actually receivable, base sta- 
tion monitoring section 21 3 further performs acquisition 
of broadcast control channel along with the known ref- 
erence signal to detect the identification number (ID) of 
the base station. 

[0061 ] The identification number is notified known ref- 
erence signal determining section 207 as base station 
information, based on which, the section 207 specifies 
the base station apparatus by inquiring to located base 
station database section 208. In addition, it may be pos- 



sible to install a plurality of base station monitoring sec- 
tions 21 3, further it may not be necessary to install it or 
them at the same place as the main body of the base 
station apparatus. That is, a plurality of base station 
5 monitoring sections 213 may be located around the 
boundary of cells. 

[0062] Thus, in the case where a base station detects 
a known reference signal with a sufficient reception level 
from another base station, it is possible for the base sta- 
10 tion to specify the another base station by performing 
acquisition of the number of the known reference signal 
and further of control channel using the base station 
monitoring section belonging to the base station, so as 
to acquire the identification number of the base station 
15 using the known reference signal, thereby allowing high 
accuracy specification of the base station. 

(Seventh embodiment) 

20 [0063] The seventh embodiment describes about a 
mobile communication system composed of at least one 
of conventional mobile station apparatuses illustrated in 
FIG.1 and the base station apparatus according to the 
third embodiment (FIG.7), or a mobile communication 
25 system composed of at least one of mobile station ap- 
paratuses according to the first embodiment (FIG.7) and 
the base station apparatus according to the third em- 
bodiment (FIG.7). 

[0064] FIG. 1 1 is a diagram illustrating a configuration 
30 of the mobile communication system according to the 
seventh embodiment. The base station apparatus (BS) 
in this embodiment illustrated in FIG. 11 has a configu- 
ration illustrated in FIG.7, and the mobile station appa- 
ratus (MS) has a configuration illustrated in FIG.5 or 
35 FIG.1. In addition, MSC is a mobile station switching 
center, and base station BS1 and base station BS14 are 
connected via a single MSC or a plurality of MSC. 
[0065] Next, the operation in the mobile communica- 
tion system with the above configuration is explained. 
40 in FIG. 11, mobile station MS is currently under the con- 
trol of base station BS1, and base station BS14 is the 
base station of a cell not appropriate for mobile station 
MS to perform a handover. Based on BS1 broadcast in- 
formation on the sorts of the known reference signals 
45 used in the system and on the sorts of the known refer- 
ence signals used in peripheral cells around the cell 
which mobile station MS belongs to, mobile station MS 
performs reception level measurement of those known 
reference signals sequentially. In the case where mobile 
50 station MS finds a known reference signal with a suffi- 
cient reception level to receive, the MS transmits a mes- 
sage including the number, reception level, reception 
phase difference and angle difference of the found 
known reference signal to base station BS1. 
55 [0066] Based on the received information on the 
number, reception level, reception phase difference and 
angle difference of the known reference signal, base 
station BS1 specifies the base station using the known 
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reference signal as described in the third embodiment. 
In the case where the specified base station is BS14, 
since BS1 4 is the base station of the cell not appropriate 
for mobile station MS to perform a handover, base sta- 
tion BS1 transmits an interference degree notification 
signal to base station BS14. 

[0067] Base station BS14 receives the interference 
degree notification signal, detects the direction to base 
station BS1 , and arranges an angle of antenna B in FIG. 
11 to adapt lower directivity. The interference to base 
station BS1 is thereby reduced. If base station BS14 re- 
ceives the interference degree notification again after 
the above processing, the BS14 re-arranges the angle 
of antenna B or varies an angle of other antenna. 
[0068] Thus, in the case where a base station detects 
another base station providing a sufficient reception lev- 
el that is not appropriate for a mobile station to perform 
a handover by using a report on reception level of known 
reference signal, the base station notifies the another 
base station that the interference is large, while the no- 
tified base station performs a control to decrease anten- 
na directivity toward the direction to the base station to 
which the interference is provided, thereby allowing in- 
terference to be reduced. 

(Eighth embodiment) 

[0069] The eighth embodiment describes about a mo- 
bile communication system composed of at least one of 
mobile station apparatuses according to the second em- 
bodiment (FIG.6) and a base station apparatus accord- 
ing to the fourth embodiment (FIG. 8), or a mobile com- 
munication system composed of at least one of mobile 
station apparatuses according to the second embodi- 
ment (FIG.6) and a base station apparatus according to 
the fifth embodiment (FIG.7). 

[0070] FIG. 1 2 is a diagram illustrating a configuration 
of the mobile communication system according to the 
eighth embodiment. The base station apparatus (BS) in 
this embodiment illustrated in FIG. 1 2 has the configura- 
tion illustrated in FIG. 8 or FIG. 9, and the mobile station 
apparatus (MS) has the configuration illustrated in FIG. 
6. In addition, in FIG.1 2, MSC is a mobile station switch- 
ing center, and base station BS1 and base station BS14 
are connected via a single MSC or a plurality of MSC. 
[0071] Next, the operation in the mobile communica- 
tion system with the above configuration is explained. 
The operation in the mobile communication system il- 
lustrated in FIG. 12 includes the operation in the mobile 
communication system illustrated in FIG.1 1 . Mobile sta- 
tion MS is currently under the control of base station 
BS1 , and base station BS1 4 is the base station of a cell 
not appropriate for mobile station MS to perform a 
handover. Based on base station BS1 broadcast infor- 
mation on the sorts of the known reference signals used 
in the system and on the sorts of the known reference 
signals used in peripheral cells around the cell which 
mobile station MS belongs to, mobile station MS per- 



forms reception level measurement of those known ref- 
erence signals sequentially. In the case where mobile 
station MS finds a known reference signal with a suffi- 
cient reception level to receive, the MS transmits a mes- 

s sage including the number, reception level, reception 
phase difference and angle difference of the found 
known reference signal to base station BS1 . 
[0072] Based on the received information on the 
number, reception level, reception phase difference and 

10 angle difference of the known reference signal, base 
station BS1 specifies the base station using the known 
reference signal as described in the third embodiment. 
In the case where the specified base station is BS14, 
since BS1 4 is the base station of the cell not appropriate 
for mobile station MS to perform a handover, base sta- 
tion BS1 next transmits a message instructing to ex- 
clude the known reference signal number used by base 
station BS14 from the object for reception level meas- 
urement to simultaneously notify all mobile stations un- 

20 der the control of the base station BS1 or only the mobile 
station that has reported the reception level of the known 
reference signal number. The mobile station that has re- 
ceived the exclusion instruction message is controlled 
not to perform the reception level measurement of the 

25 known reference signal number after the reception of 
the message. 

[0073] Thus, in the case where a base station detects 
another base station providing a sufficient reception lev- 
el that is not appropriate for a mobile station to perform 

30 a handover by using a report on reception level of known 
reference signal, the base station can simultaneously 
notify all mobile stations under the control of the base 
station BS1 that it is possible to exclude the known ref- 
erence signal number from the object for reception level 

35 measurement, thereby allowing reducing of the 
processing load in a mobile station for the reception lev- 
el measurement of known reference signals. 
[0074] Further, in the case where the base station no- 
tifies only a mobile station that has reported the known 

40 reference signal that it is possible to exclude the known 
reference signal number from the object for reception 
level measurement, however each mobile station 
should measure the reception level of the known refer- 
ence signal once, after the measurement, the mobile 

45 station can exclude the measurement and thereby is 
permitted to reduce processing load, while the base sta- 
tion can continue to monitor the reception level even 
though the report frequency is decreased. 



[0075] The ninth embodiment describes about a mo- 
bile communication system composed of at least one of 
mobile station apparatuses according to the second em- 
55 bodiment (FIG.6) and the base station apparatus ac- 
cording to a sixth embodiment (FIG. 10). 
[0076] FIG. 1 3 is a diagram illustrating a configuration 
of the mobile communication system according to the 
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ninth embodiment. The base station apparatus (BS) in 
this embodiment illustrated in FIG. 1 3 has the configura- 
tion illustrated in FIG. 10, and the mobile station appa- 
ratus (MS) has the configuration illustrated in FIG.2. In 
addition, in FIG. 13, MSC is a mobile station switching 
center, and base station BS1 and base station BS14 are 
connected via a single MSC or a plurality of MSC. 
[0077] Next, the operation in the mobile communica- 
tion system with the above configuration is explained. 
The operation in the mobile communication system il- 
lustrated in FIG. 13 includes the operation in the mobile 
communication system illustrated in FIG. 12. Mobile sta- 
tion MS is currently under the control of base station 
BS1 , and base station BS14 is the base station of a cell 
not appropriate for mobile station MS to perform a 
handover. Based on base station BS1 broadcast infor- 
mation on the sorts of the known reference signals used 
in the system and on the sorts of the known reference 
signals used in peripheral cells around the cell which 
mobile station MS belongs to, mobile station MS per- 
forms reception level measurement of those known ref- 
erence signals sequentially. In the case where mobile 
station MS finds a known reference signal with a suffi- 
cient reception level to receive, the MS transmits a mes- 
sage including the number, reception level, reception 
phase difference and angle difference of the found 
known reference signal to base station BS1. 
[0078] Base station BS1 sets the reported known ref- 
erence signal number at a base station monitor to try to 
receive. When the reception is succeeded, base station 
BS1 further tries to acquire a control channel broadcast 
along with the known reference signal. At this point, 
base station BS1 detects the identification number (ID) 
of the base station that is included in a message in the 
control channel. In the case where the detected base 
station is BS14, since BS14 is the base station not ap- 
propriate for the mobile station to perform a handover, 
base station BS1 next transmits a message instructing 
to exclude the known reference signal number used by 
base station BS14 from the object for reception level 
measurement to simultaneously notify all mobile sta- 
tions under the control of the base station BS1 or only 
the mobile station that has reported the reception level 
of the known reference signal number, or transmits an 
interference degree notification signal to base station 
BS14. 

[0079] Thus, in the case where a base station detects 
a known reference signal with a sufficient reception level 
from another base station, the base station performs ac- 
quisition of the known reference signal using a base sta- 
tion monitor equipped with the base station to obtain the 
identification number of the base station using the 
known reference signal, thereby is allowed to specify the 
base station with high accuracy. 
[0080] It is preferable to practice by combining any of 
above-mentioned first embodiment to ninth embodi- 
ment. 

[0081] In above-mentioned first embodiment to ninth 



embodiment, it is preferable to use a pilot channel signal 
or a pilot symbol as a known reference signal. Particu- 
larly, in the case of using a pilot symbol as a known ref- 
erence signal, it is necessary to provide a timing control 
s section in the apparatus of the present invention. Fur- 
ther, the present invention is applicable to the case 
where a frequency according to a TDMA system is used 
as a known reference signal. Therefore, the present in- 
vention is applicable to a communication system in a 
FDMA system, the TDMA system or others. 
[0082] In addition, the above-mentioned embodi- 
ments describes about the case where a reception 
(electric field) level is used as reception quality. Howev- 
er the present invention is applicable to the case where 
a ratio of measured channel power to total reception 
power, bit error rate of measured channel or others is 
used. Particularly, it is preferable to use the ratio of 
measured channel power to total reception power as re- 
ception quality. 

[0083] As described above, a communication appa- 
ratus and a communication method of the present in- 
vention enable a base station to notify simultaneously 
all base stations under the control of the base station or 
only a mobile station that has reported to exclude the 
known reference signal of a cell that is determined not 
appropriate for a mobile station to perform a handover 
from the object for reception level measurement. As a 
result, the base station can avoid frequent reports of the 
known reference signal with high reception quality but 
no possibility for a handover, thereby allowing reducing 
of a processing load in the base station. 
[0084] In addition, it is possible to exclude processing 
for unnecessary known reference signal so as to reduce 
a processing load in a mobile station, thereby making it 
possible to reduce power consumption in a terminal or 
to save processing resource to assign to measure other 
known reference signal. 

[0085] In addition, a base station notifies another 
base station of a cell using a known reference signal 
where the cell is determined not appropriate for hando- 
ver of interference degree, and the notified base station 
controls to decrease the antenna directivity toward the 
direction to the base station notifying so as to reduce 
the interference to the base station notifying, thereby 
making it possible to prevent a system capacity from de- 
creasing or communication performance from deterio- 
rating. 

[0086] Further, it is possible to perform a specification 
of a base station providing interference more exactly by 
providing a device to monitor other base stations, there- 
by allowing reducing of excess operations in base sta- 
tion caused by wrong specification of a base station. 
[0087] This application is based on the Japanese Pat- 
ent Application No.HEl 10-27712 filed on January 26, 
1 998, entire content of which is expressly incorporated 
by reference herein. 
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Claims 

1 . A radio communication apparatus comprising: 

an antenna(101 ,1 03) with a variable directivity; 
angle difference measuring means for measur- 
ing a reception phase difference and an angle 
difference of a direction of arrival of a known 
reference signal in a plurality of communication 
partners; and 

transmitting means for transmitting the meas- 
ured angle difference information. 

2. The radio communication apparatus according to 
claim 1, further comprises search means(105) for 
searching a direction of the known reference signal 
with a high reception quality by controlling the di- 
rectivity of the antenna. 

3. The radio communication apparatus according to 
claim 1, wherein when said apparatus receives an 
instruction to exclude a specific base station from a 
monitoring object, the apparatus excludes the com- 
munication partner from a measurement object of 
the angle difference information. 

4. A communication terminal apparatus comprising a 
radio communication apparatus, said radio commu- 
nication apparatus comprising: 

an antenna(1 01 , 1 03) with a variable directivity; 
angle difference measuring means for measur- 
ing a reception phase difference and an angle 
difference of a direction of arrival of a known 
reference signal in a plurality of communication 
partners; and 

transmitting means for transmitting the meas- 
ured angle difference information, 

5. A base station apparatus comprising: 

interference determining means for determin- 
ing whether interference is provided by a known 
reference signal of another cell to a cell of said 
base station; and 

transmitting means for transmitting interfer- 
ence degree information to an interfering base 
station that provides the interference to the cell 
of said base station. 

6. The base station apparatus according to claim 5, 
further comprising: 

receiving means for receiving information con- 
cerning a reception phase difference and an 
angle difference of a direction of arrival of a 
known reference signal in a plurality of commu- 
nication partners from a communication termi- 



nal apparatus; and 

position detecting means for detecting a posi- 
tion of said interfering base station based on 
the angle difference information. 

5 

7. The base station apparatus according to claim 6, 
further comprises memory means to store located 
base station information, and said position detect- 
ing means specifies the position of said interfering 

10 base station based on said located base station in- 
formation. 

8. The base station apparatus according to claim 7, 
wherein said receiving means receives information 

is indicating that a reception quality from said interfer- 
ing base station is high from a communication ter- 
minal apparatus. 

9. The base station apparatus according to claim 5, 
20 wherein when said interference determining means 

determines that the interference is provided to the 
cell of said base station when said receiving means 
receives the information on the interfering base sta- 
tion more than a predetermined times in a predeter- 
25 mined period. 

10. The base station apparatus according to claim 5, 
further comprises base station monitoring means 
for trying a reception from the interfering base sta- 

30 tion, receiving an identification number of said in- 
terfering base station from said interfering base sta- 
tion, and specifying a position of said interfering 
base station. 

35 11. The base station apparatus according to claim 10, 
wherein said base station monitoring means spec- 
ifies the position of said interfering base station 
based on the located base station information. 

40 12. A base station apparatus comprising: 

an antenna(10l ,103) with a variable directivity; 
and 

antenna controlling means(209) for decreasing 
45 an antenna directivity toward a specified direc- 

tion when said base station receives interfer- 
ence degree information indicating that said 
base station provides interference to another 
cell except a cell of said base station. 

50 

13. The base station apparatus according to claim 12, 
further comprises memory means to store located 
base station information, and said antenna control- 
ling means(209) decreases said antenna directivity 

55 based on said located base station information. 

14. A radio communication method comprising the 
steps of: 
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determining in a base station whether interfer- 
ence is provided by a known reference signal 
of another cell to a cell of said base station; and 
transmitting means for transmitting interfer- 
ence degree information to the another interfer- 
ing base station when it is determined in said 
base station that the interference is provided to 
the cell. 

15. The radio communication method according to 
claim 14, wherein the step of determining whether 
the interference is provided to the cell is performed 
based on information from a mobile station con- 
cerning a reception phase difference and an angle 
difference of a direction of arrival of a known refer- 
ence signal between said base station of the cell 
and the another base station of another cell. 

16. The radio communication method according to 
claim 1 5, wherein in the step of determining whether 
the interference is provided to the cell, it is deter- 
mined that the interference is provided to the cell 
when said base station receives information indicat- 
ing a reception quality from the another interfering 
base station is high more than a predetermined 
times in a predetermined period. 

17. The radio communication method according to 
claim 15, wherein the step of determining whether 
the interference is provided to the cell comprises the 
step of instructing the mobile station to measure the 
reception quality again at each predetermined pe- 
riod when said base station receives information in- 
dicating the reception quality from the another in- 
terfering base station is high, and it is determined 
that the interference is provided to the cell when the 
base station receives the information indicating a 
reception quality from the another interfering base 
station is high more than a predetermined times. 

18. A radio communication method comprising the 
steps of: 

determining in a base station whether interfer- 
ence is provided by a known reference signal 
form another base station to a cell of said base 
station; and 

trying to receive information from the another 
interfering base station to acquire an identifica- 
tion number of the another interfering base sta- 
tion from said another interfering base station 
when it is determined in said base station that 
the interference is provided to the cell of said 
base station. 

19. The radio communication method according to 
claim 18, further comprises the step of simultane- 
ously transmitting to at least one of communication 



terminal apparatuses under a control of said base 
station a notification to exclude the known reference 
signal of said another interfering base station from 
a measurement object when it is determined that 
the interference is provided to the cell of said base 
station. 

20. The radio communication method according to 
claim 18, further comprises the step of transmitting 
to at least one of communication terminal appara- 
tuses under the control of said base station a noti- 
fication to exclude the known reference signal of 
said another interfering base station from the meas- 
urement object when it is determined that the inter- 
ference is provided to the cell of said base station. 

21. A radio communication method comprising the 
steps of; 

determining in a base station whether interfer- 
ence is provided by a known reference signal 
of another base station to a cell of said base 
station; 

transmitting interference degree information to 
the another interfering base station when it is 
determined in said base station that the inter- 
ference is provided to the cell; and 
decreasing an antenna directivity toward a 
specified direction in said another interfering 
base station apparatus that receives the inter- 
ference degree information indicating the inter- 
ference is provided to the cell of said base sta- 
tion. 
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